the original volcanic component, the Balder Formation has a prominent well log character (Fig. 4) , 124 manifested as low gamma akin to sandstone (Fig. 4a) , resistivity moderately higher than shale (4b), a 125 density/neutron positive separation of a shale (4c), and a fast interval transit time that has a bell-shaped 126 log signature (4d) (Watson et al. 2017) . The Balder Formation is also laterally extensive and a 127 prominent seismic marker (due to a marked acoustic impedance contrast with the surrounding 128 claystones). 129
130

Drilling the Balder Formation 131
A major focus of this study is drilling behaviour through the Balder Formation, which is best 132 understood in the context of the drilling window (Fig. 5) . The drilling window is a wellbore pressure 133 profile governing safe drilling, bounded on the lower limit by pore pressure, and the fracture pressure 134 on the upper limit (Cook et al. 2011) . The wellbore pressure profile is represented by the mud 135 pressure, governed by the weight of the drilling fluid (expressed in pounds per gallon [ppg]) (Cook et 136 al. 2011) . When examining drilling issues recorded within the Balder Formation, we either utilised a 137 pre-existing drilling window (present in end of well reports), or constructed our own, to help establish 138 the cause of particular drilling problems. 139
Pore pressure is the pressure exerted by the fluids within the rock and represents the lower 140 limit of the drilling window (Osborne & Swarbrick 1997) . If the mud pressure is set too low, below 141 the pore pressure, then there is a danger of an unwanted influx of fluid from the wellbore, known as 142 a "kick" (Cook et al. 2011) . The most reliable way to determine pore pressure is from Wireline (Fig. 6a) consist of three (a tricone bit) or four cone shaped steel 167 noses that turn on the rock surface at the bottom of the wellbore as the bit rotates. Fixed cutters (Fig.  168 6b) consist of a single head that rotates with no separately moving parts (Schlumberger 2018 ), chippingand cutting away at the rock surface. A third, less common drill bit variant is a hybrid drill bit (Fig. 6c) , 170 which consists of a fixed head cutter and 2 or 3 roller cones. 171
Roller cone bits are predominantly used to drill mixed successions of soft (e.g. coal and shale) 172 and moderately hard lithologies (such as sandstone and limestone) (Warren 1987 (German et al. 2015) and crystalline volcanic rocks (Grindhaug 2012) . Hybrid bits are 176 used to drill an interbedded succession of very hard (e.g. basalt) and markedly softer rocks (e.g. 177 claystone) (Rickard et al. 2014) . Of note within the separate drill bits utilised, are the location of the 178 nozzles, which pump out the drilling fluid at the front of the drill bit, in a similar fashion to the nozzle 179 on a garden hose. In both roller cone and hybrid drill bits, the nozzles tend to be located above and 180 slightly to the side of the main cutting cones, whereas the nozzles in a fixed cutter bit are more 181 centrally located and closer to the cutting surface (Fig. 6) . (1.9 MPa) lower than the fracture gradient projected from the regional trend. 217 218
Drilling phenomena which occur within the Balder Formation 219
There is a variety of drilling problems recorded through the Balder Formation around the Corona 220
Ridge, such as bit balling (clogging up of the bit) and drilling fluid losses, which contribute to non-221 productive time (NPT) for drilling activity and even necessitate pulling out of the hole (POOH), atgreat cost to troubleshoot and solve the problem. One "trip", the process of pulling the drill string 223 out of the hole, can take up to 24 hours to complete, equating to $125,000 in cost at the current 224 semi-submersible drill rig daily rate (IHS Markit 2018). The following section details specific drilling 225 issues encountered within the Balder Formation around the Corona Ridge, though with particular 226 emphasis on the Rosebank wells, all of which were drilled within the last 15 years and therefore have 227 a good selection of publicly available data, including drilling mechanics logs and wellbore image logs, 228 with which to investigate the nature and cause of drilling problems. In the southern part of Rosebank 229
Main (e.g. 213/26-1z) these drilling incidents typically occur within narrow ranges (~20 m) (Fig. 8) . 230
231
Bit Balling 232
The initial drilling issue to occur in this narrow, 20 m depth range through the Balder Formation is bit 233 balling, which is when the formation interacts with the drilling fluid, and then proceeds to swell and 234 stick to the drill bit ( (Fig. 8a) , despite the weight on bit (WOB) being increased (Fig. 8b) . Significantly, 252 the balling is concomitant with a gradual increase in standpipe pressure (Fig. 8c) (which represents 253 pressure in the circulating drilling fluid system), which eventually spikes (at 2582 psi), just prior to the 254 commencement of drilling fluid losses (Fig. 8d) . (Fig. 10a)  316 and NNW-SSE (Fig. 10b) 
Synthesising geology and drilling data -why the drilling issues occur 326
In this study we have outlined how a number of drilling incidents encountered within the Balder 327
Formation occur in a narrow, ~20m depth range (e.g. Fig. 8 ). Image logs from Rosebank Main (Fig. 10 (Fig. 12) . Operationally, this is 337 interpreted as the bit baling creating a restricted flow, causing a spike in mud pressure which reaches 338 the fracture pressure, leading to drilling induced or enhanced fractures. We therefore suggest that the 339 drilling issues-including bit balling, drilling induced/enhanced fracturing, drilling fluid losses and 340 ballooning-occur in an inter-related chain reaction (visually depicted in 1983), a clay type particularly prone to swelling (Norrish 1954; Cheatham & Nahm 1990 ). An 367 important aspect of the Balder Formation tuffs is that their distribution is regionally variable, 368 particularly when associated with marginal to non-marine deposition compared to marine settings 369 (Watson et al. 2017) . In marginal to non-marine settings (Fig. 14) , such as the southern (e.g. Ritchie et al. 2008) . We therefore propose that the compression event that caused 380 inversion of the Corona Ridge lead to horizontal stresses sufficient to induce brittle deformation within 381 the Balder Formation, manifested as a fracture network that is later enhanced during the drilling 382 process.
Therefore, specifically in the case of the Corona Ridge, it appears that the combination of (1) 384 marine Balder Formation with tuffs that are susceptible to swelling during drilling and (2) a mechanically 385 weak Balder Formation subjected to NW-SE horizontal stress overlying intra-basinal highs, result in 386 drilling issues related to the opening of pre-existing fractures (Fig. 14) . To the south-west of Rosebank, 387 wells around the Cambo intra-basinal high (e.g. Cambo Field) have not experienced drilling issues 388 through the Balder Formation likely due to Cambo's closer proximity to the Balder palaeocoastline 389 (Hardman et al. 2018a ) and therefore more marginal marine sedimentation (greater proportion of 390 non-tuffaceous siltstone and sandstone less prone to swelling). 391 
